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(57) ABSTRACT

Disclosed are methods for detecting the cycle termination of
a household tumble dryer having sensors for measuring at
least two different parameters related to the drying process. In
an example method for detecting the cycle termination of a
household tumble dryer having sensors for measuring at least
two different parameters related to a drying process, signals
from the sensors are combined according to a predetermined
algorithm in order to improve the accuracy of said detection.

11 Claims, 2 Drawing Sheets
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METHOD FOR DETECTING THE CYCLE
TERMINATION OF A HOUSEHOLD TUMBLE
DRYER

RELATED APPLICATION

This application claims the priority benefit of European
Patent Application 12164690.5 filed on Apr. 19, 2012, the
entirety of which is incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a method for detecting the
cycle termination of a household tumble dryer having sensors
for measuring at least two different parameters related to the
drying process, for instance air temperature and clothes con-
ductivity.

BACKGROUND

In most household tumble dryers, if an automatic cycles is
selected, an algorithm chooses the cycle duration based on the
signal coming from a sensor measuring a certain parameter,
for instance clothes conductivity (by means for instance of
metal strips) or air humidity. In other words, the signal com-
ing from the sensor is directly correlated to the moisture
content of the clothes, whose value is compared with a thresh-
old to detect the end of the drying cycle.

Unfortunately, this known approach may suffer from sev-
eral problems. For example, if clothes conductivity parameter
is used, the values thereof based on signals coming from the
conductivity strips are highly correlated to the water hard-
ness, which may vary from region to region. Moreover, the
conductivity value is related to the fabric type and, in case of
a synthetic load, a static electricity phenomena (that often
appear during the end of the cycle) may interfere with the
sensor information.

Further still, the conductivity strips may provide an unre-
liable signal in case of small loads or in case of bulky items,
because the strips simply measure the moisture of the load
surface. Similarly, the information coming from air humidity
sensor is affected by the accumulation of lint on the sensor
surface, which may lead to inaccuracy of measurement due to
its position and by occurrence of condensation on the sensor
surface.

Methods for automatically detecting end of drying cycle by
means of temperature information are also known. Unfortu-
nately, these methods are affected by inaccuracy when cus-
tomer desires a termination of the cycle with a relatively high
remaining moisture content (e.g. to make ironing easier).

For all the above reasons, the performances of' end of cycle
information coming from a single sensor (e.g., a temperature
sensor, a conductivity sensor or a humidity sensor) may lead
to under-drying or over-drying of the clothes that respectively
means unsatisfied customers, or wasted energy and time
together with possible fabric damage.

SUMMARY

It is an object of the present disclosure to provide a method
to detect an end of cycle of a drying cycle that can overcome
at least the above drawbacks without increasing the overall
cost of the appliance and its complexity.

The above object is reached thanks to the features listed in
the appended claims.
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A method according to the disclosure merges the informa-
tion coming from different sensors in order to avoid any
energy waste and clothes damages.

A method according to the disclosure improves the cycle
termination accuracy, avoids damp clothes at end of cycle that
means customer dissatisfaction, and avoiding over drying that
means energy waste, especially in an area close to the dry
bone condition where the energy efficiency is very low.

As described above, a rough estimation of the remaining
moisture content (RMC) can be obtained using separately the
information coming from each sensor. A simple strategy to
use all available sensors and ensure clothes to be dried could
be to wait for all the sensors to detect the end of cycle condi-
tion before terminating the cycle. However this method
would lead in most of the cases to an over drying of the
clothes, thus wasting energy, time and damaging the fabrics.

BRIEF DESCRIPTION OF THE FIGURES

Further advantages and features of the present disclosure
will become clear from the following detailed description,
provided as non limiting examples, with reference to the
attached drawings in which:

FIG. 1 shows a perspective view of a dryer according to the
disclosure; and

FIG. 2 is a diagram showing how actual RMC and esti-
mated RMC change vs. time.

DETAILED DESCRIPTION

With reference to FIG. 1, a tumble dryer 10 is composed of
a rotating drum 12 actuated by an electric motor (not shown)
and containing a certain amount of clothes, a heating system
that heats air entering in the drum 12 (e.g., by means of
resistors, heat exchangers, etc.), a blower that makes air flow
across the drum 12, a temperature sensor that measures the
temperature of the air in the process air loop (e.g. ataninlet 13
of'the drum 12 or at the drum outlet 14), a temperature sensor
measuring the temperature of the heating loop, a conductivity
sensor that may be touch with clothes during the drying
process, and possibly a humidity sensor placed in the drum 12
or after the drum outlet 14.

In order to accurately detect an end of cycle, disclosed
methods rely on an RMC estimate obtained by merging dif-
ferent sensors information. Naming Cond,,,,,, the conductiv-
ity strip measurement (set equal to 0 if measurement is not
available), Evap,,,,, the humidity sensor measurement (set
equal to 0 if measurement is not available), T, and T ,, the
temperature measurements at the inlet 13 and at the outlet of
the drum 12, respectively, an estimate RMC__, ofthe RMC of
clothes can be obtained as follows:

est

RMC, (k)=0T ;BT YRMC o (k= 1)+€Cond, 1+
nEvapy,,,,,+0
in which parameters c, p, v, €, 1 and 0 are predetermined and
constant during the drying process. These parameters can be
computed by means of off-line optimization or using process
modeling equations.

As an illustrative example, assuming for the sake of sim-
plicity, that the air humidity measurement Evap,,,,, is not
available, the above mentioned estimator can be tuned based
upon the following simplified model:

REIC = MeirCpoi (Tair = Thear)
M faprichevap

RMC =~ uCondgyip
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In which cp,,,, is the specific heat capacity of the air, m,,,,.
the mass of the fabric (it could be assumed to be equal to the
rated load), ,,, is the design air mass flow rate, h,,,, is the

vaporization enthalpy, and 1 is a coefficient identified by
testing. In this simple case the coefficients can be set equal to:

MairCpyi Ts
Sl oy
p=—a
y=1-T,K
e=TKu

r]:d:O

in which T, is the estimator sampling time and K is a param-
eter that, for example, could be set equal to the Kalman matrix
(in this case a constant scalar) found using Cond,,,,, as a
measurement and RMC as the process state and process out-
put.

A possible improvement on the accuracy of above men-
tioned method, especially if measurements are affected by
noise, can be obtained using as input of the above equation the
already filtered measurements or adding to the previous equa-
tion past values of available measurements as follows.

RMC (k)=0T ; (k)+a'T_air(k—1)+P T o0 (F)+B Thor
(k=1)+YRMC ,(k-1)

A further improvement of the disclosed method can be
obtained using variable parameters. An easy interpretation of
why the use of variable coefficients can improve estimation
performances comes from the fact that it’s equivalent to the
use of nonlinear physics equations in the model that may
describe better the system behavior and/or to the use of non-
linear state observer and/or to noise affecting the measure-
ment that changes with time. The way parameters are modi-
fied during the drying process can be a function of time and or
of the available measurements and/or of the RMC estimation
and/or if available other estimates such as load mass, airflow,
fabric temperature, etc.

With reference to FIG. 2, an example of a residual moisture
content estimator is the following:

RMC (k)=aEvap Rate(k)+PRMC activity(k)+
YRMC,, (k=1)+eCond,,,(k)+d

In this case, the clothes moisture estimation, RMC,,, is
obtained by merging the information coming from the con-
ductivity sensor, filtered DC, the RMC activity (RMCA), and
the evaporation rate. The RMCA is based on the relation
between the clothes moisture content and the water activity
while the evaporation rate is the quantity of water that is steam
in a certain amount of time. Both those quantities are com-
puted by means of the temperature signals of drum inlet and
outlet as described in the main equation. In the diagram of
FIG. 2, the values of those quantities during a real drying
process are shown, particularly FDC is filtered DC, RMCA is
residual moisture content activity determined through tem-
perature sensors, RMC is the actual residual moisture content
and RMCE is the estimated residual moisture content. The
estimates are compared with the real RMC coming from the
measurement of a scale placed below the dryer. In FIG. 2 it is
clear how the RMC estimate according to the disclosure
provides values which are pretty close to the actual values,
particularly in the last portion of the drying process which is
the most critical in terms of assessing the correct termination
of the drying process.
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The method according to the present disclosure can be used
for all kinds of clothes dryers, particularly for air vent dryers,
heat-pump dryers, hybrid heat pump dryers, condenser dryers
etc.

The invention claimed is:

1. A method for detecting a cycle termination of a house-
hold tumble dryer having sensors for measuring at least two
different parameters related to a drying process, the method
comprising:

determining a remaining moisture threshold for a clothes

load based on an automatic cycle selected by a user;
receiving a conductivity strip measurement signal of the
conductivity of the clothes load in a dryer drum;
receiving a humidity sensor measurement signal of the
humidity level in a drum airflow path;

receiving a signal of the moist air temperature entering the

dryer drum;

receiving a signal of the moist air temperature measure-

ment leaving the drum;

combining the signals from the sensors according to a

predetermined algorithm to calculate an estimated
remaining moisture content of the clothes load to
improve the accuracy of the detection; and

terminating the drying process when the estimated remain-

ing moisture content is less than or equal to the remain-
ing moisture threshold.

2. The method according to claim 1, wherein the algorithm
is based on the following estimate of residual moisture con-
tent in the clothes:

RMC_est(k)=0T ;4P Ty, o ot YRMC_est(k-1)+
eCond_strip+nEvap_hum+d

where Cond_strip is a conductivity strip measurement that

is set equal to 0 if the conductivity strip measurement is
not available, Evap_hum is a humidity sensor measure-
ment that is set equal to 0 if the humidity sensor mea-
surementis notavailable, T, and T, are, respectively,
the temperature measurements of moist air entering and
going out of the drum of the tumble dryer, and a., f3, v, €,
1 and d are predetermined constants.

3. The method according to claim 2 wherein at least one of
a, B, v, €, m and d is a variable parameter.

4. The method according to claim 3 wherein the variable
parameter is modified during the drying process as a function
of time.

5. The method according to claim 3 wherein the variable
parameter is modified during the drying process as a function
of the current RMC estimation.

6. The method according to claim 3 wherein the variable
parameter is modified during the drying process as a function
of load mass.

7. The method according to claim 3 wherein the variable
parameter is modified during the drying process as a function
of'the signal magnitude of at least one signal from the sensors.

8. The method according to claim 1 wherein at least one
signal is filtered prior to combining the signals from the
Sensors.

9. The method according to claim 1 wherein the humidity
sensor measurement signal is filtered prior to combining the
signals from the sensors.

10. The method according to claim 1 wherein the conduc-
tivity strip measurement signal is filtered prior to combining
the signals from the sensors.

11. The method according to claim 2 wherein the conduc-
tivity strip measurement is filtered.
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